In vitro arginylation of peptides. In vitro arginylation reaction of peptides by ATE1 was modified from [13] . A typical reaction was performed in 100 µl volume, containing 50 mM Hepes, pH 7.5, 25 mM KCl, 15 mM MgCl 2 , 0.1 mM DTT, 3 mM ATP, 1 mM Arginine, 100 µM tRNA-Arg from E.coli (Chemical Block), 6 µM RRS, 3 µM ATE1 and 100 µM peptide substrate. Reaction was mixed and incubated at 37 °C for 1 hour, followed by heating at 95 o C for 15 min, cooling down on ice for 20 min, and spinning at 13,000 rpm for 15 min in a tabletop microfuge. Glutamic acid residues were considered as variable modifications.
The validity of peptide/spectrum matches (PSMs) was assessed with DTASelect2 using two SEQUEST defined parameters, the cross-correlation score (XCorr), and normalized difference in cross-correlation scores (DeltaCN). The search results were grouped by charge state (+1, +2, +3, and greater than +3) and tryptic status (fully tryptic, half-tryptic, and non-tryptic), resulting in 12 distinct sub-groups. In each one of these sub-groups, the distribution of XCorr, DeltaCN, and DeltaMass values for (a) direct and (b) decoy database PSMs was obtained, then the direct and decoy subsets were separated by discriminant analysis. Full separation of the direct and decoy PSM subsets is not generally possible; therefore, peptide match probabilities were calculated based on a nonparametric fit of the direct and decoy score distributions. A peptide confidence of 95% was set as the minimum threshold and only peptides with delta mass less than 5 ppm were accepted. The false discovery rate was calculated as the percentage of reverse decoy
PSMs among all the PSMs that passed the 95% confidence threshold. After this last filtering step, we estimate that the peptide false discovery rates were below 1%. See [14] for further details on manual data validation.
Subtractive Edman degradation.
For the Edman reaction, the phenylisothiocyanate (PITC) was purchased from Pierce. All other reagents were from Sigma Aldrich. The peptide was initially dissolved in 50% aqueous pyridine and then an equal volume of 5% PITC in pyridine was added. The coupling reaction was performed by heating for 10 minutes at 50 degrees Celsius. Extractions were performed twice with 2:1 heptane/ethyl acetate solution and then lyophilized. Cleavage was performed using anhydrous TFA and the reaction was performed for 5 minutes at 37 degrees Celsius and then lyophilized. The peptide was dissolved in water and two volumes of n-butyl acetate were added. The mixture was shaken and the acetate layer was removed after separation.
The peptide was lyophilized prior to mass spectrometry analysis.
NMR experiments. All NMR spectra were recorded on a Bruker Avance II 600
MHz NMR spectrometer, equipped with a Bruker TCI triple resonance cryoprobe. All NMR samples were prepared by dissolving the lyophilized compounds in a buffer with 50 mM sodium phosphate, 50 mM NaCl, and pH 6.3. The concentrations of the samples were around 0.5 mM. The spectra were recorded with Bruker Topspin standard pulse sequences at 25 °C, and the spectra were processed with Bruker Topspin software based on the manufacture suggestions. Supplemental Table 1 (related to Figure 1 and Table 1 ). Protein sites arginylated in vivo on the side chains of Asp and Glu showing the homology of these sites to other isoforms of the identified proteins.
Analysis
Supplemental Table 2 (related to Figure 1 and Table 1 ). Parameters of the
